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Objective: Many lower extremity vein graft procedures require revision. Although morbidity associated with revision
procedures is assumed minimal, this has not been previously quantified and may be underestimated. In this study, patient
outcome after initial vein graft procedures and revisions are compared.
Methods: Records for all patients undergoing vein graft revision from January 1995 to August 2002 were reviewed for
operation time, estimated blood loss, blood transfusion, hospital length of stay, perioperative complications, and
functional status at discharge and at 2-month follow-up. Revisions were compared with the original operation and by
revision type.
Results: One hundred sixty-five vein graft revisions were performed in 137 patients. In comparison with the initial bypass
procedure, mean operation time (3.35  1.41 hours vs 2.58  1.04 hours; P < .001), estimated blood loss (272.4 
249.9 mL vs 174.8  140.8 mL; P < .001), hospital length of stay (10.15  4.85 days vs 7.05  5.14; P < .001), and
overall complication rate (35.8% vs 22.4%; P .015) were significantly less for revision procedures. Revision of more than
one site on the graft resulted in longer operation time (P  .003) and estimated blood loss (P < .001), but similar
complication rates (P  NS), compared with revision at only one site. Revisions that involved only the graft resulted in
decreased hospital length of stay compared with revisions involving extension to native inflow or outflow vessels (P <
.02). Return to preoperative ambulatory status at discharge was 71% after initial operation, and was 92% after revision (P
< .001). Return to independent living at discharge was 66% after the initial operation, and was 80% after revision (P <
.01).
Conclusions: Operative revisions were better tolerated than initial vein graft procedures, but are still major procedures.
Hospital length of stay is longer for patients undergoing proximal or distal extension of the graft to native vessels and in
patients who are not ambulatory and living independently at discharge. Patients undergoing vein graft revision should be
counseled about potential morbidity. (J Vasc Surg 2003;38:22-8.)
Operative revision is frequently required in an overall
program to maintain lower extremity vein graft patency.
Approximately 20% to 30% of lower extremity vein grafts
ultimately will require revision to maintain patency.1-3 Be-
cause of the higher repeat intervention rate associated with
percutaneous vein graft angioplasty4-6 and the higher pa-
tency rate noted with operative revision,1,2,4,7,8 surgical
repair of vein graft stenosis is typically recommended in
suitable candidates for surgery.
It is generally assumed that operative revision is associ-
ated with less morbidity than is the initial bypass procedure;
however, to our knowledge, this has not been previously
documented. Although the revision typically involves a
more minor operation, several other factors may lead to
increased morbidity. In pursuit of an all-autogenous graft,
alternate conduit, eg, arm vein, is frequently necessary,
thereby exposing additional extremities to potential risk.
Revision procedures involve surgery in fields previously
operated on, with attendant increased difficulty of dissec-
tion, particularly when grafts are extended to either more
proximal inflow or distal outflow vessels. In addition, some
revisions are performed years after the initial procedure,
when patients are older and may have sustained additional
comorbid conditions. Comparison of perioperative out-
come in patients undergoing lower extremity vein graft
revision compared with the outcome of the initial bypass
procedure forms the basis of this report.
METHODS
Patients undergoing lower extremity vein grafts at ei-
ther the Oregon Health and Science University or Portland
Department of Veteran’s Affairs Medical Center were en-
tered into a postoperative duplex ultrasound scanning–
based vein graft surveillance protocol as described.2 Criteria
for identifying a graft at risk included focal peak systolic
velocity (PSV) greater than 200 cm/s within the graft or in
the inflow or outflow sites, prestenotic to intrastenotic PSV
ratio greater than 3.0, uniformly low PSV less than 45 cm/s
throughout the entire graft, interval decrease in ankle-
brachial index greater than 0.2, or substantial change in
clinical status. These criteria were not absolute, but served
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as guidelines to identify grafts at risk. Most revised grafts
had increased PSV and PSV ratio. In patients with graft
abnormalities at duplex scanning arteriography is per-
formed before revision.9 Grafts with stenosis greater than
50% of diameter on arteriograms are repaired. Patients
undergoing lower extremity vein graft revision from Janu-
ary 1995 to August 2002 are included in this report.
Several types of revision procedures were performed,
depending on the nature and location of the lesion, and
included interposition vein grafting, proximal and distal
extension to native vessels, and vein patch angioplasty.
Patients were entered into this study if they underwent
a revision procedure more than 2 months after the initial
bypass procedure. Patients with early graft revision, within
2 months of the initial bypass procedure, were excluded,
because recovery from the initial procedure may not have
been complete at the time of revision. Because the focus of
this study was recovery after the different types of surgical
procedures, sufficient time between procedures was neces-
sary to assure independence of recovery after the revision
procedure from that of the initial operation. All patients
included in the study underwent revision procedures be-
cause of vein graft stenosis. Grafts revised because of occlu-
sion were not included.
Perioperative data were collected for each patient at the
initial operation and at the operative revision, and included
duration of surgery, estimated intraoperative blood loss,
perioperative blood transfusion, length of hospital stay, and
perioperative complications. Intraoperative blood loss in-
cluded an estimate of blood volume in suction canisters and
in sponges; blood drawn for vein preparation was not
included. Perioperative blood transfusion included any
blood given during the perioperative period. In general, an
attempt was made to maintain hematocrit greater than or
equal to 30.0%. Complications were defined as any event
that prolonged the hospital stay or substantially altered the
perioperative course for up to 30 days after surgery. Com-
plications were categorized as major and minor wound
events, cardiac (myocardial infarction, congestive heart fail-
ure, arrhythmia), pulmonary (pneumonia), renal (renal in-
sufficiency, acute tubular necrosis), neurologic (nerve pal-
sy), gastrointestinal (Clostridium difficile colitis,
gastrointestinal tract bleeding), graft or arterial (intraoper-
ative arterial injury, postoperative graft bleeding, stenosis),
and orthopedic (joint contracture, fracture). Major wound
complications were defined as those that either required an
additional surgical procedure for treatment or that length-
ened hospital stay. Minor wound complications were de-
fined as perioperative wound problems managed in an
outpatient setting. Need for adjunctive perioperative am-
putation (toes, transmetatarsal) was also recorded.
In addition, functional and ambulatory status was as-
sessed during clinic visits preoperatively, at discharge, and 2
months after discharge. Ambulatory status was classified as
independent; ambulatory with assistance, either from an-
other person or with adjunctive devices such as a walker or
crutches; or nonambulatory. Functional status was classi-
fied as independent; living independently with assistance,
eg, home health nurse or outpatient physical therapy; or
nonindependent, eg, foster care or skilled nursing facility.
For each of these parameters, data were compared from
the initial operation to the revision procedure. In addition,
revision procedures were classified as those that involved
graft extension to a more proximal or distal artery; those
involving revision of only the graft itself, eg, with either
interposition grafts or vein patch angioplasty; and those
requiring repair at more than one site. These procedures
were also compared with respect to the parameters noted
above.
Patient data were entered into a confidential comput-
erized data base (Access 2000; Microsoft, Redmond,
Wash). Statistical analysis was performed with the X2 test or
Fisher exact test for frequencies and proportions and a
two-tailed Student t test for comparison of means. Multiple
continuous variables following a normal distribution were
compared with one-way analysis of variance, and post hoc
comparisons were performed with the Tukey honestly sig-
nificant difference (HSD) test. Multiple nonparametric
variables were analyzed with the Kruskal-Wallis test, with
comparisons between groups analyzed with the Mann-
Whitney U test (SPSS version 10.1.3; SPSS Inc, Chicago,
Ill).
RESULTS
During the study 1154 primary lower extremity bypass
operations were performed. During the same time, 192
lower extremity vein graft revision procedures were per-
formed in 172 patients. Thirty-seven revisions in 35 pa-
tients were performed during the first 2 months after the
initial operation, and were excluded from further analysis.
One hundred sixty-five revisions performed in 137 patients
were evaluated in this study. Seventy-nine revisions (47.9%)
were performed in patients with symptoms (claudication,
rest pain, ulcers); 86 revisions (52.1%) were performed to
treat asymptomatic lesions. Mean time from initial opera-
tion to revision procedure was 16.4 22.4 months (range,
2-156 months). Sixty-one revisions were performed 2 to 6
months after the initial operation, 50 were performed 6
months to 1 year after the initial operation, and 54 were
performed more than 1 year after the operation. Demo-
graphic information for the 137 patients is provided in
Table I.
Comparison of initial bypass operation and revision
procedure. Perioperative data from the initial operation
and subsequent revision procedures are presented in Table
II. Operative time and blood loss, perioperative blood
transfusion, and hospital length of stay were all significantly
less with revision procedures than with the original
operation.
Toe or transmetatarsal amputation was performed dur-
ing the same hospitalization in 29 of 137 initial operations
(21.1%), but in only 7 of 165 revision procedures (4.2%; P
 .001). Hospital length of stay was significantly longer if
an amputation was performed at the initial operation
(14.21  5.38 days with amputation vs 9.06  4.08 days
without amputation) or at revision (13.67 6.00 days with
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amputation vs 6.67  4.84 days without amputation; P 
.001). If an amputation was performed, there was no
difference in length of stay between initial operation and
revision. If no amputation was performed, there remained a
significant difference in length of stay between initial oper-
ation and revision (P  .001). With the exception of
prolonged hospital stay, minor or partial foot amputation
was not associated with a significantly greater complication
rate (data not shown).
Perioperative complication rates and types of complica-
tions are listed in Table III. Overall complication rate was
significantly higher in the initial operation group compared
with the revision group. The difference between the two
groups was accounted for primarily by a higher number of
major wound complications after initial operation. No sig-
nificant differences were present in minor wound compli-
cations, cardiac, pulmonary, renal, gastrointestinal, arterial
or graft, orthopedic, or nerve complications. The compli-
cation rate for revision procedures performed within the
first 6 months after initial operation was 14.7%; from 6 to
12 months, 28%; and after 12 months, 25.9%. There was a
nonsignificant trend for fewer complications in grafts re-
vised within 6 months compared with those revised later (P
 .106).
Complications during the initial operation were not
predictive of complications after revision. Fifty-eight revi-
sion procedures followed initial operations in which a com-
plication occurred. Complications occurred in 15 of these
revisions, for a complication rate of 31.3%. One hundred
seven revisions followed initial operations in which no
complication occurred. Complications occurred in 22 of
these revisions, for a complication rate of 20.6% (P .559).
There were two perioperative deaths due to cardiac
complications after revision procedures, one during the
same hospitalization and one 1 month after the revision
during a different hospitalization. One revision procedure
that resulted in death of the patient was performed to treat
ischemic rest pain; the other was performed prophylacti-
cally to treat an asymptomatic lesion.
Single revision procedures were performed in 113 pa-
tients. Multiple revision procedures were performed in 24
patients, two revisions in 21 patients, three revisions in 2
patients, and four revisions in 1 patient. In patients under-
going multiple revisions, there were no differences in oper-
ative time or blood loss, hospital length of stay, blood
transfusion, or complication rate between initial revision
and subsequent revisions (data not shown).
Revisions performed to treat ischemic symptoms were
associated with a significantly longer hospital stay com-
pared with revisions performed to treat asymptomatic le-
sions (8.27  5.26 days vs 5.94  4.79 days; P  .003).
Operative time was greater in revisions performed to treat
symptomatic lesions compared with asymptomatic lesions
Table I. Demographic data for 137 patients undergoing




Age at time of initial operation (y) 66.3  13.7
Age at time of revision (y) 67.6  13.6
Hypertension (%) 82
Coronary artery disease (%) 55
Smoking history (%) 92
Diabetes mellitus (%) 54
Hypercholesterolemia (%) 38
Cerebrovascular disease (%) 28
End-stage renal disease (%) 10







Ipsilateral infrainguinal bypass 24
Contralateral infrainguinal bypass 15
Femoral/iliac interposition/stent 8
Initial operative indication (%)
Claudication 12
Rest pain 39
Ulcer or gangrene 48
Cancer 1
Initial operative type (%)
Femoral—above knee popliteal 7
Femoral—below knee popliteal 34
Femoral-tibial 54
Femoral-pedal 3
Popliteal-tibial or pedal 2
Table II. Perioperative data
Initial
operation Revision P
Operative time (h) 3.35  1.41 2.58  1.04 .001
Operative blood loss
(mL)
272.4  249.9 174.8  140.8 .001
Blood transfusion
(units)
1.34  1.94 0.85  2.01 .046
Hospital length of stay
(d)
10.15  4.85 7.05  5.14 .001
Table III. Complications after lower extremity vein graft
initial operation and revision
Initial
operation Revision
Pn % n %
Overall complication rate 49 35.8 37 22.4 .015
Complication type
Major wound 30 21.9 16 9.7 .005
Minor wound 6 4.4 9 5.5 NS
Cardiac 5 3.6 7 4.2 NS
Pulmonary 2 1.5 2 1.2 NS
Renal 4 2.9 0 0.0 .090
Gastrointestinal 2 1.5 5 3.0 NS
Arterial or graft 3 2.2 3 1.8 NS
Ortho 2 1.5 0 0.0 NS
Nerve 1 0.7 1 0.6 NS
Mortality NA 2 1.2
NS, Not significant; NA, data not available.
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(2.9  1.2 hours vs 2.4  0.9 hours; P  .002); however,
intraoperative blood loss (184  150 mL vs 167  132
mL; PNS) and overall complication rate (22% vs 23%; P
 NS) were the same.
Perioperative functional status. Before the initial
operation, 120 patients (87.6%) ambulated independently,
14 patients (10.2%) required assistance, and 3 patients
(2.2%) were nonambulatory (Fig 1, online only). Before
revision procedures, 140 patients (84.8%) ambulated inde-
pendently, 19 patients (11.5%) required assistance, and
nonambulatory status was noted in 6 patients (3.6%) (P 
.703, initial operation vs revision preoperative ambulatory
status).
After discharge from the initial operation, 79 patients
(57.7%) ambulated independently, 52 (38.0%) required
assistance, and 6 (4.4%) were nonambulatory. After revi-
sion, 127 patients (77.0%) remained ambulatory at dis-
charge, 30 patients (18.2%) required assistance, and seven
patients (4.2%) were nonambulatory; 1 patient (0.6%) died
in the perioperative period (P  .001, initial operation vs
revision ambulatory status at hospital discharge).
At 2 months, 109 patients (79.6%) were able to ambu-
late independently after the initial operation, and 139 pa-
tients (84.2%) after revision procedures. Assistance was
required after 25 initial procedures (18.2%) and 19 revi-
sions (11.5%). Patients were nonambulatory after 3 initial
operations (2.2%) and 5 revisions (3.0%). Two patients
(1.2%) died within 2 months of revision. There was no
difference in ambulatory status 2 months after initial oper-
ation and revision (P  0.298).
Before the initial operation, 121 patients (88.3%) lived
independently at home, 5 patients (3.6%) lived at home
with assistance, and 11 patients (8.0%) required full-time
assistance (Fig 2, online only). Before revision procedures,
149 patients (90.3%) lived independently at home, 4 pa-
tients (2.4%) required assisted living, and 12 patients
(7.3%) required dependent living (P .792 between initial
operation and revision preoperative living status).
At discharge after the initial operation, 76 patients
(55.5%) remained living at home independently, 29
(21.2%) lived at home with assistance, and 32 (23.4%)
required an inpatient care facility. Patients were able to go
home to independent living after 122 revisions (73.9%),
required assistance after 19 revisions (11.5%), and required
inpatient care after 23 (13.9%) revisions (P  .001, initial
operation vs revision).
At 2 months after the initial operation, 112 patients
(88.3%) were living at home independently, 10 patients
(7.3%) required assistance, and 15 patients (10.9%) re-
quired inpatient or foster care. Two months after revision
procedures, 142 patients (86.1%) had returned to indepen-
dent home living, 5 patients (3.0%) required assistance, and
16 patients (9.7%)required inpatient or foster care (P 
0.262, initial operation vs revision).
Independent ambulatory and living status at discharge
after the initial operation was predictive of independence
after revision procedures. Ninety-one percent of patients
ambulating independently after the initial operation ambu-
lated independently after revision, compared with 60% of
patients requiring assistance after the initial operation (P
.001) and only 17% of patients who were nonambulatory
after the initial operation (P  .001). Likewise, 86% of
patients living independently at discharge after the initial
operation were discharged to independent living after revi-
sion, compared with 75% of patients living with assistance
after the initial operation (P .1) and 43% of patients living
dependently (P  .012).
Influence of ambulatory status at discharge on hospital
length of stay is shown in Fig 3. After both initial operations
and revisions, patients able to ambulate independently at
discharge had a significantly shorter hospital stay. At initial
operation, 79 patients able to ambulate independently at
discharge had length of stay of 8.53 3.85 days, compared
with 12.34 5.23 days in 58 patients not able to ambulate
independently (P  .001). After revision procedures, 127
patients able to ambulate independently at discharge had
hospital length of stay of 5.83 3.27 days, compared with
11.16  7.63 days in 38 patients not able to ambulate
independently (P  .001). Among patients able to ambu-
late at discharge, hospital length of stay was significantly
less after revision than after the initial operation (P .001).
Among patients not able to ambulate, there was no differ-
ence in hospital length of stay between initial operation and
revision procedure (P  .371).
Influence of independent living status at discharge on
hospital length of stay is shown in Fig 4. After the initial
operation, 76 patients who were able to return to indepen-
dent living had a shorter length of stay (9.12  4.60 days)
Fig 3. Length of hospital stay for initial operation vs revision,
depending on discharge ambulatory status. Gray bars, Indepen-
dent ambulation; black bars, nonindependent ambulation. P 
.001, independent vs nonindependent ambulation at initial oper-
ation and at discharge. P  .001 for independently ambulating
patients at initial operation vs revision. P  NS for nonindepen-
dently ambulating patients at initial operation vs revision.
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compared with 61 patients not able to return to indepen-
dent living (11.43  4.89 days; P  .005). Similarly, at
revision, 122 patients who returned to independent living
had a shorter length of stay (5.76 3.51 days) than did 43
patients who were not able to be discharged to independent
living (10.67  7.02 days; P  .001). Among patients
discharged to independent living, hospital length of stay
was shorter after revision than after initial operation (P 
.001), whereas among patients not able to return to inde-
pendent living there was no difference in hospital length of
stay between initial operation and revision (P  0.516).
Outcome according to revision type. Perioperative
data for various types of revisions are presented in Table IV.
Proximal revision was performed in 55 procedures, repair
of the graft alone was performed in 57 procedures, 29
revisions involved a distal extension, and 24 revisions in-
volved repair at multiple sites. One proximal revision in-
cluded femorofemoral bypass grafting, two involved femo-
ral interposition grafts, and three involved femoral
endarterectomy. Iliac angioplasty and stenting was per-
formed before one proximal revision and two distal exten-
sions. Operation time, operative blood loss, and need for
blood transfusion were greater in revisions at multiple sites
compared with revisions involving only one site. No differ-
ences were noted in operation time, operative blood loss, or
need for blood transfusion between grafts revised with
proximal revision, graft revision, or distal extension.
Hospital length of stay was significantly less in revision
involving only the graft and not involving extension to
inflow or outflow arteries. Length of stay was 5.46  4.17
days for revision involving only the graft, 7.53 5.44 days
for proximal extension, 8.17  4.20 days for distal exten-
sion, and 8.42  6.69 days for revision at multiple sites (P
 .02). Incidence of perioperative complications was the
same for all types of graft revisions.
DISCUSSION
After lower extremity vein grafting for limb salvage, an
ideal result is achieved in only 14% of patients. An ideal
result is defined as long-term symptom relief with complete
preservation of functional status, and no recurrence of
ischemia or need for repeat operation.10 It is therefore
important to assess the effect of all operative procedures on
patient quality of life.
Graft patency and limb salvage, while important, must
not come at the cost of long-term negative effect on patient
functional status.11
Postoperative duplex scanning surveillance enables
identification of lower extremity vein graft stenosis. Inas-
much as not all graft stenoses produce symptoms or result
in graft thrombosis, prophylactic revision must be well
tolerated and, at the least, result in less morbidity, with
more rapid functional recovery than after the original by-
pass grafting operation. The current study was designed to
evaluate the effects of lower extremity vein graft revision on
perioperative functional status.
With a self-assessment questionnaire that measured
emotional disorder, social functioning, and mobility,
Thompson et al12 demonstrated that patients undergoing
leg bypass procedures for limb salvage had a significantly
better quality of life compared with patients undergoing
primary amputation. Furthermore, secondary procedures,
whether surgical or percutaneous, performed to maintain
graft did not adversely affect quality of life.
In the current study, operation time and blood loss,
need for perioperative blood transfusion, and hospital
length of stay were all significantly less after graft revision
than after the initial bypass operation. In addition, compli-
cation rates were significantly lower after revision proce-
dures. Complications at initial operation, however, did not
predict complications at revision. It is also noteworthy that,
although rate of perioperative complications after revision
was lower, these complications were not negligible. The
difference in complications was due almost entirely to a
higher prevalence of wound problems after the initial op-
eration. Systemic complications, eg, cardiac and pulmo-
nary, while rare, occurred with equal frequency in initial
operations and revisions, suggesting that surgery itself,
regardless of magnitude, puts patients with vascular disease
at risk.
Independent ambulatory and living status can be suc-
cessfully maintained after lower extremity bypass proce-
dures.13,14 In the current study, independent ambulatory
and living status were more quickly retained after revision
procedures than after the initial operation. After revision,
77% of patients were independently ambulatory and 74%
were living independently after discharge, compared with
57% and 55%, respectively, after the initial operation. How-
Fig 4. Length of hospital stay for initial operation vs revision,
depending on discharge living status. Gray bars, independent
living; black bars, nonindependent living. P  .005, independent
vs nonindependent living status after initial operation. P  .001,
independent vs nonindependent living status after revision. P 
.001, independent living status after initial operation vs revision. P
 NS, nonindependent living after initial operation vs revision.
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ever, by 2 months after surgery no difference in ambulatory
or living status was apparent.
Ambulatory and living status were important determi-
nants of hospital length of stay. Patients who were able to
resume independent ambulatory and living status had a
significantly reduced hospital length of stay compared with
patients who did not maintain independence. Among pa-
tients able to maintain independent ambulatory and living
status, hospital length of stay was significantly less in pa-
tients undergoing revision compared with the initial oper-
ation. If independent ambulatory and living status was not
maintained, hospital length of stay was equally long after
both the initial operation and revision. To minimize hospi-
tal stay, measures to maintain independence in ambulation
and living status should be maximized, and efforts should
be made early in the hospital course to identify patients who
will not maintain independent ambulatory and living status
so that plans to minimize length of stay can be instituted.
While the authors frequently enlist the help of physical and
occupational therapists, social workers, and discharge plan-
ners, the efficacy of these measures in reducing hospital
length of stay have not been systematically evaluated.
A notable limitation of this study is the choice of
control group for comparison with patients undergoing
revision. By using patients who subsequently underwent
revision as their own control group, morbidity and, in
particular, mortality from the initial bypass procedure is
likely underestimated. A subset of patients who undergo
lower extremity bypass procedure and either die or sustain
severe complications or comorbid conditions that preclude
subsequent revision were not included in the control group
by virtue of revision never being performed.
A second important limitation of this study is lack of a
comparison group undergoing percutaneous angioplasty of
vein graft lesions. This group was not included because of
lack of a sufficient number of patients in our practice. In our
practice this procedure is rarely performed, because of
published high recurrence rates and anatomic limitations of
the procedure.4,5 Short (2 cm) concentric lesions in
otherwise normal grafts appear to respond well to this
treatment, whereas more complex lesions respond less well.
In one study, lesions treated within a graft were more likely
to remain patent compared with perianastomotic lesions,15
whereas other studies did not demonstrate this associa-
tion.4,16 However, the disadvantage of earlier recurrence
must be weighed against the advantage of reduced morbid-
ity and more rapid recovery. Patients may be more accept-
ing of minimally invasive procedures even if more frequent
interventions are necessary. It is currently our practice to
reserve percutaneous angioplasty only for patients who are
not thought to be suitable candidates for surgical revision.
However, a randomized trial of operative vein graft revision
versus percutaneous angioplasty in suitable lesions is war-
ranted, to investigate not only the traditional parameter of
graft patency, but also the important factors of patient
satisfaction, quality of life, and functional outcome.
In summary, operative revision of lower extremity vein
grafts is well tolerated, with more rapid recovery, than the
initial bypass operation. However, morbidity is not negli-
gible, and operative complications and long hospital stays
remain frequent. Whereas revision procedures are fre-
quently performed to maintain graft patency and maximize
limb salvage, they remain major operations, to be embarked
on only with full consideration of the patients’ overall
health status.
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